An accurate analysis of nutrient balance in different cropping systems is necessary for improving soil fertilities, causing higher crop yields and quality. This study was carried out to investigate the nutrient balance, changes in soil properties, and their effects on crop yield in long-term field cultivation under mono-and rotation-cropping systems (MCS and RCS, respectively). The analytical results of the soil properties showed that the application of mineral fertilizers alone in the MCS leads the reduction of soil CEC, exchangeable Ca, and microbial biomass C and N. Compared with the MCS of soybean, the RCS of soybean and barley significantly improved the soil properties, which increased crop yield. It might be due to the barley residue added to the RCS soil. Mean nutrient balances for 4 years were −55.9 kg N, +34.7 kg P 2 O 5 , and −0.3 kg K 2 O ha -1 for the MCS and +19.7 kg N, +107.4 kg P 2 O 5 , and −48.6 kg K 2 O ha -1 for the RCS, respectively. These nutrient imbalances mean that conventional fertilizer recommendations were inadequate for maintaining soil nutrient balance. From these results, we can conclude that the crop rotation may change comprehensive physical, chemical, and biological soil properties. These changes could affect the nutrient balance and then the crop yield.
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Introduction
Chemical fertilizer is a very important contributor to the increase in global agricultural productivity over the last three decades. However, the continuous and excessive use of chemical fertilizer has led various problems such as nutrient depletion, soil acidification, and groundwater contamination by nutrient leaching (Herencia et al., 2007; Undurraga et al., 2009) . In particular, mono cropping, which is a traditional cropping system of only one crop growth (Zuo and Zhang, 2009) , has been known to raise more serious problems with nutrient imbalance by continuous input of the chemical fertilizers, causing the reduction of crop yield and quality. Thus, the oversupply or deficiency of soil nutrient, associated with the misuse of fertilizer in the mono cropping systems, is one of the most important problems in modern agriculture in terms of sustainable and stable crop productivity in many areas throughout the world.
Although there have been many literature on the imbalanced fertilizer in the various conditions, most of the topics were limited only to crop yield and soil property analyses based on a short term and single cropping system. Little information have been published about comprehensive analysis including changes in soil properties, nutrient levels of crop-residual biomass, and crop productivity under the cropping systems in arable land. In particular, an accurate analysis on the periodic nutrient balance in the long-term rotation cropping system is necessary for more efficient and sustainable crop productivity as well as for improving soil quality and health.
In the present study, we compared mono-and rotation-cropping systems for 4 years with respect to nutrient balance, soil physical, chemical and biological properties, and their effects on crop yield. We also examined the possibility of application of crop residue to the soil as a nutrient source comparable to the crop requirement and as a soil amendment to enhance crop growth in rotation-cropping system. . During the experimental period, the average annual air-temperature and precipitation at the experimental site were 12.1°C and 108.0 mm, respectively (Table 2 ). In particular, the annual precipitation in Korea depends largely on the summer rainy season of 30 to 40 days from late June through July, being strongly controlled by the East Asian summer monsoon system. The precipitation in this season amounts to more than 40% of the annual precipitation (Lee et al., 1998) .
Materials and Methods

Experimental site
Experimental design and procedure Soybean (Glycine Nutrient Balances and Soil Properties Affected by Application of Soybean and Barley Residues 122 max cv. 'Sinpaldal 2') and barley (Saechalssalbori) were selected as the test crops because they were the common and largely cultivated in Korea. In addition, as a rough estimation, about 2.25 × 10 5 ton of barley straw produced yearly in Korea is burned on site after harvesting and it causes air pollution (Kim, 2011) . This means the loss of biomass resources expected to become huge nutrient sources in the arable soil. The experimental design was composed of two cropping systems, these are mono-cropping system of soybean (MCS) and rotation-cropping system of soybean-to-barley (RCS). Fertilizer for soybean and barley cultivation was yearly applied at the standard rates used in the region. Soybean was manually sown in the middle of June. In the RCS, barley was sown in the same plot in the middle of October after the harvest of the soybean and grown until the next May. After the harvest of the barley grain, the straw (barley residue) was chopped and spread with a chopper mounted on the combine harvester. The chopped barley straw was directly incorporated into the rotation field soil by tillage.
Chemical and biological properties
The soil samples were collected randomly from the arable land in 0-15 cm depth after the harvest of the soybean and crushed to pass 2 mm sized sieve. We analyzed pH and electrical conductivity (EC) by the 1:5 water extraction method, OM content by the WalkleyBlack method, cation exchange capacity (CEC) by the 1 M ammonium acetate method followed by the Kjeldahl determination of ammonium, Av. P2O5 and exchangeable cations (Ex. Cations) by inductively coupled plasma-optical emission spectrophotometer (ICP, GBC SDS-270), total nitrogen (T-N) by the Kjeldahl method, particle size distribution by the hydrometer method, and bulk density by the soil core method described by Blake and Hartge (1986) . To determine the biological effect by the crop rotation, we also measured changes in soil microbial biomass carbon (Cmic) and microbial biomass nitrogen (Nmic) for 4 years under the two different cropping systems after the harvest of the soybean. The Cmic and Nmic were determined by the chloroform-fumigation extraction method described by Vance et al. (1987) as follows: After the harvesting, the soil samples were collected randomly, passed through 2 mm size sieve, and sorted to remove plant debris. Then, the samples were allowed to stabilize for 7 days at 25°C before the analysis of soil microbial biomass and fumigated with ethanol-free chloroform for 24 hours.
To analyze nutrient content of the crop, the crop samples were also collected randomly after the harvest and were oven-dried at 50°C for 24 hours. Then, the samples were ground in a cutting mill and sieved into less than 1-mm size. Normal nutrient contents of the crop samples were analyzed using the same methods as those for the soil. Yield of the soybean and barley were measured according to the standard investigation and research on agricultural science technology (RDA, 1995) .
Nutrient balance
To understand whether required amounts of nutrients are depleting in an unsustainable way, the nutrient balances of N, P2O5 and K2O were determined as the difference between the nutrient inputs by the application of chemical fertilizer and/or barley residue and nutrient outputs by crop uptake. The calculations were made as follows: ANBMCS = (Nadd by chemical fertilizer application)
-(Nuptake by crop uptake) (1) ANBRCS = (Nadd by the application of chemical fertilizer and barley straw) -(Nuptake by crop uptake)
where ANBMCS and ANBRCS are apparent nutrient balance in the MCS and the RCS, respectively, Nadd is nutrient addition, and Nuptake is nutrient uptake. The word of 'apparent' is come from that other factors of inputs or outputs such as N fixation, atmospheric deposition, and nutrient losses by leaching, chemical transformation, and erosion were neglected in these equations.
Results and Discussion
Changes in soil properties Soil physical, chemical, and biological properties were evaluated to determine the changes in the cropping systems. As shown in Table 3 , most chemical properties except for the soil pH were significantly improved in the RCS compared with the MCS. In the first year the OM content was higher in the MCS than in the RCS, but was higher in the RCS than in the MCS in the following years. In other words, the OM content for the RCS increased nearly 22.1%, while that for the MCS increased about 11.2% during total cultivation periods of the 4 years. This might be due to the barley residue added to the soil in the RCS. In addition, the OM content increased with the Av. P2O5 during the cultivation periods. This agrees with the result reported by Kang et al. (2009) that OM was significantly correlated with Av. P2O5, K, Zn, and Cu. The higher Av. P2O5 content for the RCS might be due to the amount of chemical phosphate fertilizer added to the soil in barley cultivation. During the cultivation periods, the CEC for the RCS increased significantly from 6.4 to 7.4 cmolc kg -1 (about 15.6%), while that for the MCS gradually decreased from 6.4 to 5.7 cmolc kg -1 (about 10.9%).
The physical properties for the MCS are not significantly correlated with cultivation periods, but the correlation for the RCS would be improved due to the increasing OM inputed as the barley straw every year. According to Haynes and Naidu (1998) , the increase in OM content will certainly improved soil physical conditions with long-term fertilizer additions, i.e. the increasing OM content characteristically decreased bulk density and surface crusting and increased water holding capacity, macroporosity, infiltration capacity, hydraulic conductivity, Total barley residues were applied with every harvesting of barley in autumn. Mando et al. (1996) also reported that crop residues increase soil hydraulic conductivity and infiltration capacity by modifying mainly soil structure, proportion of macropores, and aggregate stability. The soil microbial biomass is an important source or sink of the mineral nutrients available for plants (Insam et al., 1989) and is responsible for transforming OM and nutrients within soil (Gregorich et al., 2000) . Thus, the measure of soil microbial biomass can be one of the biological indicators of soil quality (Franzluebbers, 1999) . The Cmic and Nmic for the RCS gradually increased from 118.5 to 164.1μg kg -1 (38.5%) and from 22.9 to 37.5μg kg -1 (63.8%) during the cultivation periods, respectively, while those for the MCS decreased by 30.7% and 20.1% during the same periods, respectively. Compared with the MCS, the more positive effect of the microbial biomass for the RCS might be due to the increased OM and the enhanced soil structure by the residue application. This result is similar to that studied by Moore et al. (2000) using the cropping systems of corn-to-soybean. They also concluded that the Cmic and Nmic contents were generally higher in 4-year rotations than in corn or soybean monocultures.
Nutrient inputs Fertilization levels applied to the MCS
and RCS were investigated to establish the nutrient balance of and those to the RCS were 174-182-161 kg ha -1 (Table 4) containing the nutrient content of barley residues. The nutrient input in the RCS was about 2.6 to 4.4 times of that in the MCS. Harvested crops can deprive the nutrients such as N, P2O5, and K2O from agricultural soils. Thus, nutrient contents included in the soybean and barley were also estimated for the nutrient balance in the different cropping system (Table 5 ). The mean nutrient contents in grain and residue were 28.3-10.8-16.3 and 7.8-2.4-6.8 g kg -1 for the MCS and 36.0-13.4-36.6 and 7.2-7.3-18.0 g kg -1 for the RCS, respectively. Yearly changes of nutrient content were not significantly different between the two cropping systems. However, the nutrient contents in soybean grain were higher in the RCS than in the MCS. Nutrient availability in the RCS rather than MCS might be enhanced because the crop rotation system improves soil physical, chemical, and biological conditions as mentioned above.
Yield Table 6 shows yearly changes of crop productivity for different cropping system. In the MCS, the grain yield of soybean increased temporarily in the second year, but gradually decreased in the third and the forth year cultivation. The grain yield of the soybean and barley increased from 28.4 to 40.0 Mg ha -1 year -1 and from 47.5 to 49.1 kg ha -1 year -1
, respectively, in the RCS during growth period from first to third year. In the forth year, their values decreased to 33.9 Mg ha -1 year -1 in the soybean cultivation and to 47.9 Mg ha -1 year -1 in the barley cultivation, respectively. The abrupt decrease of soybean yield in the forth year may be because of the adverse impact of the typhoon 'Rusa' occurred from the end of August to the beginning of September, which is the harvest period of soybean. However, the total grain yield of soybean was higher about 18.4% in the RCS than in the MCS. As shown in Table 3 , the soil physical, chemical, and biological properties were improved by the crop rotation and the crop residue return to soil, and consequentially, resulted in the increase of the yield. This result was similar to that of Motomatsu (1990) , in which soybean yield decreased by 20% in continuous cultivation during 3 years. Park et al. (1993) also reported that soybean yield was dropped sharply during continuous cultivation during 4 years in sandy loam soil. Thus, the rotation of soybean and barley could be recommended to obtain higher soybean yield.
Nutrient uptake On the basis of the results of nutrient contents and yields in different cropping systems, annual nutrient uptake by the soybean or barley can be calculated as follow:
Nutrient uptake = [(Grain P × Grain Nc) + (Residue P × Residue Nc)] (3) where P and Nc are the productivity (Mg ha ) in the soybean cultivation. This result may be attributed mainly to the improvements of soil fertility and nutrient use efficiency by the crop rotation of soybean-to-barley. The nutrient uptake also increased grain yield of the soybean. That is, the grain yield and nutrient uptake were the highest in the second year for the MCS and in the third year for the RCS, respectively (Table 6 ). This suggests that the nutrient uptake of crop is significantly associated with the crop yield. Barley +72.4 +73.9 +68.3 +69.8 +71.1 +58.8 +60. 2 5 +107.7 +107.4 -30.9 -30.6 -69.9 -63.0 -48.6 Annual changes of nutrient balance Nutrient balance analysis of the cropping system is an important step for the efficient nutrient management. The nutrient balance can be determined from the difference between the amounts of annual nutrient input and the annual output in the cultivated fields. We estimated the overall nutrient balances in both the cropping systems (Table 8 ). For the mean N balance, there was significant difference between the both cropping systems. That is, a large negative balance (−55.9 kg ha -1
) and a positive balance (+1.6 kg 10a ) from barley growth (Table 4) . However, the mean N balance of soybean in the RCS was negative by −65.4 kg ha -1 and its value was similar to that in the MCS. This means that recommended rate of N fertilizer application (40 kg ha -1 ) was not sufficient for the soybean growth. Thus, about 60.7 kg ha -1 of additional N fertilizer might need to achieve the N balance in the soybean growth.
The yearly P2O5 input by chemical fertilizer in the MCS was 70 kg ha -1 (Table 4 ) and the yearly mean output was 35.3 kg ha -1 (Table 7) . This indicates the yearly mean P2O5 balance was +34.7 kg ha -1
. The P2O5 balance was positively higher for the RCS (+107.4 kg ha -1 ) than for the MCS. The positive P2O5 balance in both cropping systems was probably due to the much higher P2O5 input through chemical fertilizer than the output through crop harvesting. According to Hooda et al. (2001) , when the input of P2O5 into the soil exceeds the output into the crop, most of the surplus P2O5 accumulated to the soil would be adsorbed by metal oxides such as iron and alumina and might be therefore decreased availability of the P2O5 nutrient for the crop growth.
In contrast, K2O balance for both the cropping systems was negative every year except first year in the MCS, which had a slightly positive balance of +1.6 kg ha -1 . In addition, in spite of the barley residue input, the yearly mean K2O depletion was higher in the RCS (−48.6 kg ha ). This means that the application rate of recommended K2O fertilizer, which is main input source, was not sufficient to the nutrient balance in both the cropping systems. According to Rego et al. (2003) , K2O imbalance has emerged as a common constraint in most cropping systems. Indeed, the negative K2O balance has been reported by a number of studies. For examples, Bansal (1992) Dobermann et al. (1996) also reported that the K2O balance at most experimental sites was negative (−3.4 to −6.3 kg 10a -1 season -1 ) in a long-term fertilizer experiment. Successive negative K2O balance may be due to insufficient K2O fertilization and may cause deterioration of soil fertility that leads to a decrease of crop productivity (Magen, 2008) .
As the results, continuous harvest of soybean in the same field would lead to depletion of nutrients and/or disturbance of nutrient balance that exist in soils. Although 4 years rotation of the soybean-to-barley indicated high positive balances of N and P2O5 as the mean values of +19.7 kg N ha -1 and +107.4 kg P2O5 ha -1 respectively, K2O fertilizer requirement needs to be reconsidered to improve its imbalance. Therefore, the more accurate and balanced application of nutrients is required for increasing the productivity of crop and to improve the qualities of soil.
Conclusions
Nutrient balance, determined by the difference between input consisting of fertilizer and crop residue and output consisting of crop uptake, is one of the important factors for soil fertility and crop yield. Nutrient source such as crop residue might mitigate various problems caused by excessive use of chemical fertilizer. In particular, the crop rotation system can improve the soil physical, chemical, and biological properties, sustain crop productivity, and reduce the use of chemical fertilizer. Indeed, the results obtained indicated that although mean nutrient balances for the RCS showed positive N and P2O5 balance and negative K2O balance, the RCS contributed significantly to increase organic matter content, CEC, and soil microbial biomass in the soil more than the MCS, and then contributed to increase in crop productivities. Therefore, it can be concluded that the application of crop residues in the rotation cropping may be considered a good agronomic practice, increasing the nutrient balance in the soil and at the same time, improving the soil physical, chemical, and biological properties. This may therefore result in higher crop yields.
